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ABSTRACT 
Objectives: We investigated whether occupational role stress is associated with 
differential levels of the stress hormone cortisol in response to acute psychosocial stress. 
Methods: 43 medication-free non-smoking men aged between 22 and 65 years 
(mean±SEM: 44.5±2) underwent an acute standardized psychosocial stress task combining 
public speaking and mental arithmetic in front of an audience. We assessed occupational role 
stress in terms of role conflict and role ambiguity (combined into a measure of role 
uncertainty) as well as further work characteristics and psychological control variables 
including time pressure, overcommitment, perfectionism, and stress appraisal. Moreover, we 
repeatedly measured salivary cortisol and blood pressure levels before and after stress 
exposure, and several times up to 60 min thereafter.   
Results: Higher role uncertainty was associated with a more pronounced cortisol 
stress reactivity (p=.016), even when controlling for the full set of potential confounders 
(p<.001). Blood pressure stress reactivity was not associated with role uncertainty. 
Conclusions: Our findings suggest that occupational role stress in terms of role 
uncertainty acts as a background stressor that is associated with increased HPA-axis reactivity 
to acute stress. This finding may represent a potential mechanism regarding how occupational 
role stress may precipitate adverse health outcomes. 
 
Key words: work stress, role stress, uncertainty, stress reactivity, cortisol 
  
 2 
Role stressors are an important source of stress at work; they seem to be widely 
experienced in the workplace, and at least a sizable minority of workers can be expected to 
experience role stress on a daily basis (Beehr & Glazer, 2005; Kahn, Wolfe, Quinn, Snoek, & 
Rosenthal, 1964). As introduced by Kahn and colleagues in 1964, role stress refers (a) to role 
conflict, with contradictory expectations from different people, and (b) role ambiguity, with 
unclear expectations as core elements (cf. Rizzo, House, & Lirtzman, 1970). Later, role 
overload, which originally was part of role conflict, was separated as a construct in its own 
right, with a high workload in relation to resources available as its core element. All three 
constructs have been shown to relate to well-being (see the meta-analysis by Örtqvist & 
Wincent, 2006); however, role overload differs from role conflict and role ambiguity in that 
overload contains a challenge aspect (LePine, LePine, & Saul, 2007; Widmer, Semmer, Kalin, 
Jacobshagen, & Meier, 2012); this is not true for role conflict and role ambiguity, which 
represent hindrance stressors (LePine, Podsakoff, & LePine, 2005; Webster, Beehr, & Love, 
2011). Both role conflict and role ambiguity imply an uncertainty about which action is 
appropriate; we focus on this common element of the two, referring to ”role uncertainty” as 
representing the common element of these two stressors (cf. Garst, Frese, & Molenaar, 2000; 
O'Driscoll & Beehr, 1994; Widmer, Semmer, Kalin, et al., 2012).  
Role stressors have repeatedly been shown to be associated with a variety of negative 
outcomes (Beehr & Glazer, 2005). Among others, these include higher emotional exhaustion 
and depersonalization, both key features of vital exhaustion, which is an independent risk 
factor for coronary heart disease (Appels, 2004; Örtqvist & Wincent, 2006); they also include 
tension/anxiety (Jackson & Schuler, 1985; Kemery, Bedeian, Mossholder, & Touliatos, 1985; 
Örtqvist & Wincent, 2006; Price & Hooijberg, 1992; Schaubroeck, Cotton, & Jennings, 1989; 
Spector, Dwyer, & Jex, 1988), depression (Beehr, 1976; Caplan & Jones, 1975; Ganster, 
Fusilier, & Mayes, 1986; Price & Hooijberg, 1992), as well as somatic complaints (Ganster & 
Schaubroeck, 1991; Kemery, Mossholder, & Bedeian, 1987) and subjectively perceived 
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physical health (Frone, Russell, & Cooper, 1995), although some of these associations are 
qualified by interactions with other variables (e.g., job involvement in Frone, Russell, & 
Cooper, 1995).  Furthermore, self-esteem (Jackson & Schuler, 1985) and organization-based 
self-esteem (Widmer, Semmer, Kälin, Jacobshagen, & Meier, 2012) have been found to be 
associated with role stress. It has to be noted, however, that most of these studies are cross-
sectional, although the few longitudinal studies also found role stress to predict 
anxiety/tension (Caplan & Jones, 1975) and anxiety as well as depression (Price & Hooijberg, 
1992). Furthermore, most of the studies are based on self-report of both stressors and strain 
and thus may carry the problem of common method bias. However, there are a few studies 
that do show associations between role ambiguity and/or role conflict with heart disease (cf. 
Cooper & Marshall, 1976; Danna & Griffin, 1999; House, 1974), and Howard, Cunningham, 
& Rechnitzer (1986) showed that increases in role ambiguity were associated with changes in 
blood pressure and triglycerides (Howard, Cunningham, & Rechnitzer, 1986). Nevertheless, 
more studies that allow distinguishing between cause and effect with more confidence and / or 
apply a multimethod approach are needed to overcome such shortcomings.  
Role stressors are among the most widely studied occupational stressors (Beehr & 
Glazer, 2005), p. 11). Role overload is especially prominent, as many models on stress at 
work refer to demands, workload, effort, or similar concepts (e.g., Siegrist, 1996; Theorell & 
Karasek, 1996). By contrast, research on associations between role uncertainty (i.e., role 
conflict and role ambiguity) and strain seems to have waned. In contrast to other models, such 
as the Job Demands Control model (R. A. Karasek, 1979), the Effort-Reward Imbalance 
Model (Siegrist, 1996), and, more recently, justice models (Greenberg, 2010), the role stress 
model is not specifically mentioned in recent reviews and meta analyses concerning the 
association of work stress and health, most notably cardiovascular disease (CVD; e.g., Backe, 
Seidler, Latza, Rossnagel, & Schumann, 2012; Kivimaki et al., 2012; Kivimaki et al., 2006); 
furthermore, almost half (46%) of the references in the most recent comprehensive review on 
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role stress (Beehr & Glazer, 2005) refer to publications of 1990 and earlier. This state of 
affairs seems unfortunate; arguably, uncertainty reflects a core aspect of the stress experience, 
as argued by Mason already in 1968, and reflected in Beehr’s uncertainty theory of 
occupational stress (Beehr, 1998; Beehr & Bhagat, 1985). Furthermore, as explicated below, 
role uncertainty may be of special importance for processes involved in stress-related 
development of cardiovascular disease.  
 
Work Stress and Cardiovascular Disease Development 
Accumulating prospective evidence suggests that stressful conditions at work are 
associated with adverse health outcomes, particularly with regard to cardiovascular health 
(Backe, et al., 2012; Kivimaki, et al., 2012; Kivimaki, et al., 2006; Steptoe & Kivimaki, 2012). 
As mentioned above, role uncertainty is not specifically mentioned in these reviews; for 
reasons discussed below, this is unfortunate, as role uncertainty possessed qualities that make 
it a likely predictor of cardiovascular dysregulation. There are different pathways through 
which chronic work stress could contribute to the risk of CVD; one of them relates to 
inducing changes in the reaction to acute stressful situations (McEwen, 1998a; Steptoe & 
Kivimaki, 2012).  
According to the stress-reactivity hypothesis, the study of short-term physiological 
responses to controlled challenges such as an acute psychosocial stress task serves as a 
window into the complex psychophysiological processes involved in the development of 
cardiovascular disease (Linden, Gerin, & Davidson, 2003; Lovallo & Gerin, 2003). In 
particular, large-magnitude physiological reactions to acute stressors have been shown to 
predict poor cardiovascular health outcomes (Brotman, Golden, & Wittstein, 2007; Chida & 
Steptoe, 2010).  
Physiological responsivity depends on many factors. Arguably, repeated or prolonged 
responses required by frequent or persistent stressors might not only induce changes in tonic 
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levels of parameters of the hypothalamus-pituitary-adrenal (HPA) axis and the sympathetic 
nervous system (SNS) (cf. Melamed et al., 1999) but also change the regulatory system itself. 
Such an argument has been made especially forcefully by allostatic load theory (e.g., 
McEwen, 1998b), and chronic stressors that alter physiological responsivity have been termed 
background stressors by Gump and Matthews (1999), indicating that the acute response 
occurs against a background of more persistent conditions, which may influence the acute 
response.  
An early study by Steptoe and colleagues (Steptoe, Fieldman, Evans, & Perry, 1993) 
assessed job strain according to the demand-control model (R. Karasek & Theorell, 1990) and 
found higher cardiovascular reactivity to acute stress. However, long-lasting chronic stress 
exposure has also been hypothesized to exhaust physiological stress reactivity capacity, which 
in turn may result in lowered physiological stress reactivity (Appels, 1997; McEwen, 1998a; 
Wirtz, Siegrist, Rimmele, & Ehlert, 2008). Indeed, both elevated as well as reduced 
responsivity to acute stress have been found for both SNS and HPA parameters (Chida & 
Hamer, 2008). Thus, chronic stress at work may be associated with both heightened and 
reduced physiological reactivity to acute stress.   
A model that may allow at least in part to integrate some of these contradictory 
findings is Dienstbier’s model of toughness (Dienstbier, 1989). Dienstbier distinguishes 
between acute reactivity and recovery of SNS and HPA axis measures, making different 
predictions about how each system will respond to stress with a focus on intermittent events 
that toughen these response systems. According to Dienstbier a fit or toughened organism 
shows low base rates of both SNS and HPA parameters, and an optimal response to acute 
stress in terms of strong and responsive reactivity of SNS, but not HPA, parameters, together 
with fast recovery of both systems. Conversely, a less fit organism shows elevated base rates 
in both system, but displays a strong HPA but weak SNS response, with slow recovery in both 
systems. Schaubroeck and Ganster  (Schaubroeck & Ganster, 1993) specify the untoughening 
 6 
process in terms of chronic demands with little opportunity for adaptation or control, such as 
chronic work stress exposure. In line with other findings including our own (Chida & Hamer, 
2008; Hamer et al., 2006; Siegrist, Klein, & Voigt, 1997; Wirtz, et al., 2008) Schaubroeck and 
Ganster found evidence for lower responsivity (and in part prolonged recovery) of SNS 
parameters including blood pressure (Schaubroeck & Ganster, 1993) following standardized 
challenge in participants with high, as compared to low, chronic occupational stress. Similarly, 
the meta-analysis by Chida and Hamer (2008) found at least tentative evidence for reduced 
reactivity of parameters reflecting SNS, such as catecholamines and blood pressure. 
With regard to the acute reactivity and recovery of HPA axis measures following 
acute stress, there are too few studies to draw firm conclusions; thus, Chida & Hamer (Chida 
& Hamer, 2008) could not locate enough empirical studies to run a meta-analysis concerning 
the effect of job-related background stressors on acute HPA-reactivity. Further research 
therefore is needed.  
In sum, the toughness model predicts high cortisol but low cardiovascular responsivity 
to acute stress for people exposed to chronic stress, as well as slow recovery for both systems. 
The studies cited above led us to conclude that there is some support for the low 
cardiovascular reactivity, whereas support for the high cortisol reactivity hypothesis is mixed.  
One reason for the mixed findings may refer to the nature of the stressors. According 
to Dickerson and Kemeny’s (2004) meta-analysis (Dickerson & Kemeny, 2004), stressors are 
most likely to elicit increased cortisol responses if they involve a social-evaluative threat 
and/or if they are uncontrollable. These characteristics apply both to our acute stressor and to 
the background stressor of role uncertainty. Clearly, the Trier Social Stress Test (TSST) that 
we used (see below) involves a danger of losing face and appearing incompetent. Not 
surprisingly, therefore, the TSST is mentioned by Dickerson and Kemeny (2004) as a 
prototypical standardized situation that should evoke strong cortisol responses. The 
background stressor, role uncertainty, refers to unclear or contradictory expectations of 
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superiors and thus represent a condition that the person cannot easily control and that involves 
the danger of social disapproval. Thus, employees who do not have a clear idea about what 
exactly is expected from them run the risk of being reprimanded for doing the “wrong” thing; 
asking for clarification may imply the risk of appearing incompetent (i.e., failing to 
comprehend what one should do) or of criticizing the superior for not being clear. Being 
confronted with conflicting expectations also creates uncertainty, as it is difficult to decide 
whom to follow; furthermore, whatever one decides may provoke negative reactions from the 
one who’s expectations are not met, and therefore a negative social evaluation is quite likely. 
Thus, role uncertainty creates a condition that seems to resemble closely the characteristics of 
situations leading to high, as opposed to low, HPA reactivity, that is, involving a social-
evaluative threat and low controllability. By containing these elements, role uncertainty 
represents a background stressor that “matches” some of the crucial characteristics of the 
TSST. Such a match may represent an optimal condition for eliciting high, as opposed to low, 
HPA responses (cf. the call for a closer matching by Dickerson and Kemeny, 2004, p. 382). 
To the best of our knowledge, role uncertainty, representing the combination of role conflict 
and role ambiguity, has not yet tested with regard to physiological stress reactivity.  
Therefore, based on the toughness model and on the specific characteristics of the 
stressors we investigated, we expect HPA reactivity to an acute social stressor to be stronger 
for participants higher in role uncertainty. Using cortisol as an indicator of the HPA axis, we 
propose: 
Hypothesis 1: Cortisol responsivity to the Trier Social Stress Test will be stronger for 
participants high in role uncertainty, compared to participants low in role uncertainty. 
For SNS-reactivity, expectations are different: Based on the toughness model, and on 
the available empirical evidence we expect low SNS responsivity for people with high 
background stressors. Using blood pressure as an SNS-indicator, we propose: 
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Hypothesis 2: Blood pressure responsivity to the Trier Social Stress Test will be 
weaker for participants high in role uncertainty, compared to participants low in role 
uncertainty. 
 
METHODS 
Study participants 
Recruitment was carried out by members of the research team who accompanied the 
mobile blood donation units of the Swiss Red Cross of the Canton of Zurich. We recruited 
non-smoking middle-aged men who were healthy as confirmed by a telephone interview 
using an extensive health questionnaire (Wirtz et al., 2003). Exclusion criteria, obtained by 
subjects’ self-report, were: clinical psychosomatic and psychiatric diseases, regular strenuous 
exercise, alcohol and illicit drug abuse; any heart disease, varicosis or thrombotic diseases, 
elevated blood sugar and diabetes, elevated cholesterol, liver and renal diseases, chronic 
obstructive pulmonary disease, allergies and atopic diathesis, rheumatic diseases, and current 
infectious diseases. In addition, participants were included only if they reported taking no 
medication, either regularly or occasionally. If the personal or medication history was not 
conclusive, the subjects’ primary care physician was contacted for verification. The study 
sample comprised 43 men (mean age ± SEM: 44.5 ± 2.0 years, mean body mass index ± 
SEM: 25.7 ± .4) who completed the measure of role uncertainty (see below). Our participants 
reported a great variety of different jobs including technicians, engineers, teachers, or 
craftsmen, and most (61.4 %) worked for a private employer. All subjects provided written 
informed consent. The Ethics Committee of the Canton of Zurich, Switzerland, formally 
approved the research protocol. 
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Study protocol 
All subjects reported to the laboratory on a single study day. Subjects were tested 
between 2:00 pm and 4:00 pm. They had abstained from physical exercise, alcohol, and 
caffeinated beverages since the previous evening. They were exposed to the Trier Social 
Stress Test (TSST), which combines a 5-min preparation phase followed by a 5-min mock 
job-interview, and 5-min mental arithmetic in front of a jury that displayed a stern attitude 
(Kirschbaum, Pirke, & Hellhammer, 1993). The TSST has been used frequently, and it 
reliably induces increases in biochemical parameters, most notably cortisol (Dickerson & 
Kemeny, 2004; Kudielka, Hellhammer, & Kirschbaum, 2007). During the 45 min before 
introduction to the TSST and another 60 min after task completion, subjects remained seated 
in a quiet room. Questionnaires were administered during the resting period prior to TSST. 
For determination of salivary cortisol levels, saliva samples were taken immediately 
before as well as every ten minutes, at 0, 10, 20, 30, 40, 50 and 60 minutes after completion 
of the TSST. Blood pressure (BP) was measured by sphygmomanometry (Omron 773, Omron 
Healthcare Europe B.V. Hoofddorp, The Netherlands), and BP stress reactivity was assessed 
by recordings immediately before and after stress, as well as 10 and 20 min thereafter. Mean 
arterial blood pressure (MAP) was calculated by the formula (2/3 * mean diastolic BP) + (1/3 
mean systolic BP) (Schmidt & Thews, 1987) from measurements immediately before and 50 
min after the  TSST.  
 
Measurements and Data analysis 
Role uncertainty  
Role uncertainty was measured by 3 Likert-scaled items of the scale “uncertainty” from the 
“Instrument for Stress-oriented Task Analysis” (ISTA) (Semmer, Zapf, & Dunckel, 1995), a 
well-established instrument in German-speaking countries (cf. Sonnentag, Binnewies, & 
Mojza, 2010). The uncertainty scale assesses role ambiguity and role conflict: (1) “How often 
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to you get unclear instructions?”; (2) “How often do you get conflicting instructions from 
different supervisors?”; (3) “From how many people do you receive instructions on a regular 
basis?”). Items had a 5-point Likert format, ranging from 1 (very seldom/never) to 5 (very 
often); scores range from 1 to 5, with higher scores reflecting higher uncertainty. 
Cronbach’s alpha was .67. 
 
Psychological control variables 
The current project is part of a larger series of studies investigating psychological 
determinants of physiological stress reactivity (Gaab, Rohleder, Nater, & Ehlert, 2005; Wirtz, 
Ehlert, et al., 2006; Wirtz, Elsenbruch, et al., 2007; Wirtz, Kanel, et al., 2007; Wirtz, 
Redwine, Ehlert, & von Kanel, 2009; Wirtz, et al., 2008). We therefore assessed 
psychological control variables (i.e. overcommitment, perfectionism, and cognitive stress 
appraisal) that we previously found to independently relate to stress reactivity measures of the 
HPA axis and the sympathetic nervous systems (Gaab, et al., 2005; Wirtz, Elsenbruch, et al., 
2007; Wirtz, et al., 2008)_ENREF_6_ENREF_7. We additionally controlled for time pressure 
at work; time pressure reflects the workload construct, which is both a typical work-related 
stressor and part of the role stress concept (Beehr & Glazer, 2005), and thus associated with 
work-related uncertainty scores (R. Karasek & Theorell, 1990; Semmer, et al., 1995). As we 
argued that role uncertainty is specifically pertinent for inducing high (rather than low) HPA 
responsivity, we wanted to control for time pressure at work to make sure that potential 
effects are not simply due to stress at work in general but specifically to role uncertainty. 
Overcommitment. Overcommitment was assessed by a scale composed of 6 Likert-
scaled items where respondents indicated to what extent they agreed or disagreed with the 
given statements on a four-point rating scale, from 1 (completely disagree) to 4 (completely 
agree). A sample item is “People close to me say I sacrifice too much for my job”. The scale 
exhibited high internal consistency in previous analyses and had an acceptable scalability 
 11 
(Siegrist et al., 2004) and an appropriate goodness of fit (Hanson, Schaufeli, Vrijkotte, Plomp, 
& Godaert, 2000; Joksimovic, Starke, v d Knesebeck, & Siegrist, 2002; Roedel, Siegrist, 
Hessel, & Braehler, 2004). In our study, Cronbach’s alpha was .68.  
Perfectionism. We assessed perfectionism by measuring “concern over mistakes and 
doubts” (CMD, 13 Items on 5-point rating scales for each item, ranging from 1 (strongly 
disagree) to 5 (strongly agree), minimum score = 13, maximum score = 65) of the German 
Version of the Frost Multidimensional Perfectionism Scale (MPS-d, Frost, Marten, Lahart, & 
Rosenblate, 1990; Stöber, 1998; Wirtz, Elsenbruch, et al., 2007). A sample item is “If 1 do 
not do as well as other people, it means I am an inferior human being“. Cronbach’s alpha was 
.76. 
Cognitive stress appraisal. To address anticipatory cognitive appraisal processes 
relevant for the TSST, we assessed the total stress appraisal resulting from primary )i.e., the 
judgment about the significance of an event as stressful, positive, controllable, challenging, or 
irrelevant) and secondary appraisal processes (i.e., the assessment of available coping 
resources and options when faced with a stressor). We used a 16-item questionnaire for 
Primary and Secondary Appraisal (PASA) (Gaab, et al., 2005), which is based on the 
theoretical constructs proposed by Lazarus and Folkmann (Lazarus & Folkman, 
1984)_ENREF_40.   
Subjects had to evaluate the extent to which the particular statement applied to themselves on 
a 6-point scale ranging from 1 (strongly disagree) to 6 (strongly agree). A sample item is “I 
do not feel threatened by the situation”. Cronbach’s alpha was .76.  
Work-related time pressure. Time pressure was measured by self-report, using a 4-
item subscale of the Instrument for Stress Oriented Task Analysis (ISTA) (Semmer, et al., 
1995). Items included questions like “How often does it happen that you go home late 
because of too much work?”. Items have a 5-point Likert format reflecting frequency 
(ranging from “very seldom/never” to “very often/always”). Cronbach’s alpha was .87. 
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Cortisol analyses 
For measurement of cortisol, saliva was collected using Salivette collection devices 
(Sarstedt, Rommelsdorf, Germany), which were stored at -20°C until biochemical analysis. 
Cortisol concentrations were determined in the Psychoneuroendocrinological Laboratory of 
the University of Dresden, Germany, with a commercially available competitive 
chemiluminiscence immunoassay with high sensitivity of 0.16 ng/ml (LIA, IBL Hamburg, 
Germany). Intra- and inter-assay variability was less than 10%.  
 
Statistical analyses 
Data were analyzed using SPSS (version 19.0) statistical software package (SPSS Inc., 
Chicago IL, USA). All tests were two-tailed with level of significance set at p≤.05 and level 
of borderline significance set at p≤10. Prior to statistical analyses all data were tested for 
normality using the Kolmogorov-Smirnov test. Missing data were list-wise excluded. As an a-
priori fixed set of physiological control variables, we controlled for the cardiovascular risk 
factors age, body mass index (BMI), and mean arterial blood pressure (MAP) in all analyses. 
Psychological control variables included person-related parameters that have been shown to 
relate to altered cortisol stress reactivity, i.e. overcommitment (Wirtz, et al., 2008) and 
perfectionism (Wirtz, Elsenbruch, et al., 2007), as well as cognitive stress appraisal (Gaab, et 
al., 2005). Furthermore, we additionally controlled for perceived time pressure at work to rule 
out a confounding influence of this typical work-related stressor on potential associations 
between work-related uncertainty and physiological stress reactivity.  
We calculated Pearson’s product-moment correlations to test for associations between 
job-related uncertainty and cortisol at rest, as well as between uncertainty and the 
psychological measures overcommitment, time pressure, perfectionism, and stress appraisal.  
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Following previous methods (Wirtz, et al., 2009; Wirtz et al., 2010; Wirtz, von Kanel, 
et al., 2006) we assessed associations between uncertainty and the cortisol / blood pressure 
stress response by calculating general linear models with repeated measures of cortisol / blood 
pressure) as dependent variable and role uncertainty as continuous independent variable while 
controlling for age, BMI, and MAP as covariates in the main analysis. In secondary analyses, 
we additionally controlled for the set of potential psychological confounders as described 
before (i.e. overcommitment, perfectionism, stress appraisal, and time pressure at work). We 
applied Huynh-Feldt corrections for repeated measures.  
To graphically illustrate our findings, we categorized the study group into quartiles 
based on their role uncertainty scores with lowest uncertainty in quartile 1 and highest 
uncertainty in quartile 4; results are displayed in Figure 1. Note that our statistical analyses 
are based on uncertainty as a continuous variable; we calculated quartiles for the purpose of 
illustration only.  
Significant ANCOVA results were further analysed by applying post -hoc tests to 
ascertain whether the observed total stress reactivity effect related to altered immediate stress 
reactivity and/or to altered recovery. As a measure of immediate stress reactivity we 
calculated a maximum stress change score by computing the area under the curve with respect 
to increase (AUCi, Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003) from the 
baseline of the significant physiological parameter to its stress reactivity peak. As a measure 
of stress recovery we calculated the AUCi from the stress reactivity peak of the respective 
physiological parameter to the last measured level (AUCi recovery). Associations between 
uncertainty and AUCis were estimated in subsequent multiple linear regression analyses with 
the respective AUCi as dependent variable and role uncertainty scores as well as the above 
described confounders as independent variables. 
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RESULTS 
Group characteristics and correlations 
Table 1 depicts sociodemographic, medical, and psychological characteristics of the 
study group. Role uncertainty significantly related to time pressure (r = .43, p = .005) but 
not to any of the other psychological measures (overcommitment: r = -.13; p = .43; stress 
appraisal: r = -.22; p = .16; perfectionism: r = .23; p = .15). Notably, except for two 
participants who reported to work 88 and 84 hours per week, weekly working hours were 
between 16 and 60. Table 2 depicts the correlation matrix of the measured variables. 
 
Associations between work-related uncertainty and physiological stress 
reactivity 
 
At rest 
At rest, role uncertainty did not relate to cortisol or blood pressure (see Table 2). 
Additional controlling for the full set of confounders did not significantly change these 
findings (p’s > .33).  
 
Stress reactivity 
Stress induction by TSST induced significant increases in cortisol (main effect of 
stress: F(2.0/80.8) = 47.5, p < .001, partial eta2 = .54, f = 1.09) and blood pressure (SBP: 
F(2.5/102.6) = 14.9, p = .001, partial eta2 = .27, f = .60; DBP: F(2.9/114) = 18.7, p = .001, 
partial eta2 = .33, f = .69). 
Cortisol. As depicted in Table 3, general linear models with repeated cortisol 
measures and role uncertainty as continuous independent variable, and age, BMI and MAP 
as covariates, revealed that higher role uncertainty scores were associated with higher 
cortisol stress reactivity (interaction uncertainty-by-TSST: F(2.5/89.4) = 3.94, p = .016, 
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partial eta2 = .10, f = .33). Further controlling for the second set of confounders 
(overcommitment, stress appraisal, perfectionism; time pressure) did not change the results; 
they actually got stronger (interaction uncertainty-by-TSST: F(3.9/105.7) = 6.57, p <.001, 
partial eta2 = .20, f = .49) as illustrated in Figure 1. Complementary ANCOVA analyses 
revealed that additional controlling for baseline cortisol provided similar results for the 
association between role uncertainty and the remaining cortisol measurements (interaction 
uncertainty-by-TSST: F(2.7/ 105.7) = 6.96, p <.001, partial eta2 = .21, f = .52). 
To distinguish between initial stress responsivity and recovery, we post-hoc 
calculated the AUCi of the maximum stress change score (AUCi stress change) from 
baseline to 20 min after stress for cortisol. As a measure of stress recovery we calculated 
the AUCi from 20 min after stress to 60 min after stress. Multiple linear regression analyses 
revealed that, controlling for age, BMI, and MAP, role uncertainty related both to a higher 
cortisol maximum stress change (AUCi stress change: β = .45, p = .025, ∆R2 = .12) as well 
as to slower recovery, as indicated by higher AUCi recovery scores (AUCi recovery: 
β = .44, p = .028, ∆R2 = .12). Additionally controlling for overcommitment, stress appraisal, 
perfectionism, and time pressure did not weaken, but rather improved, associations between 
uncertainty and maximum cortisol stress change (AUCi stress change: β = .57, p = .005, 
∆R2 = .12), whereas associations with altered recovery became of borderline significance 
(AUCi recovery: β = .36, p = .09, ∆R2=.05).    
Blood pressure. Controlling for age, BMI, and MAP, role uncertainty did not 
significantly relate to stress reactivity of systolic (F(2.7/99.7) = 1.73, p = .17, eta2=.05, f 
= .21) or diastolic blood pressure F(3.0/105.0) = .27, p = .85; eta2=.008, f = .09). 
Additionally controlling for psychological confounders did not significantly change these 
results (SBP: p = .53; DBP: p = .66). 
 
DISCUSSION 
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Our study investigated for the first time whether role uncertainty at work as a 
background stressor related to altered physiological reactivity to acute psychosocial stress 
in working men. The main finding of our study was that higher role uncertainty was 
associated with higher cortisol stress reactivity even when controlling for a broad set of 
potential confounders including cardiovascular risk factors and potentially confounding 
psychological constructs1. These results are in line with Hypothesis 1. In contrast, blood 
pressure stress reactivity did not relate to role uncertainty, disconfirming Hypothesis 2. 
Moreover, as indicated by post-hoc analyses of the areas under the respective increase 
curves, the overall heightened cortisol reactivity with increasing role uncertainty comprised 
higher immediate stress reactivity as well as slower recovery. Resting levels of both cortisol 
and blood pressure were unrelated to reactivity measures.   
These results confirm the general finding that physiological reactivity to acute stress 
is not independent of chronic conditions in terms of background stressors (Gump & 
Matthews, 1999); they add credibility to the suggestion that one way through which chronic 
stress may lead to cardiovascular disease is by inducing a dysregulation in reactions to 
acute stressors. Given that higher cortisol stress reactivity has been shown to predict 
coronary artery calcification as an indicator of atherosclerosis, our findings might point to 
elevated coronary heart disease risk with increasing role uncertainty (Hamer, Endrighi, 
Venuraju, Lahiri, & Steptoe, 2012; Hamer, O'Donnell, Lahiri, & Steptoe, 2010; Seldenrijk, 
Hamer, Lahiri, Penninx, & Steptoe, 2012). However, future studies are needed to provide 
empirical support for such reasoning. At the same time, in line with the toughening model 
our findings suggest that background stressors may not be associated with altered 
physiological stress reactivity in the same way with regard to the HPA-axis and SNS 
parameters. Rather, the positive association with cortisol stress reactivity indicates a distinct                                                         1 Following the suggestion of a reviewer, we additionally controlled for trait anxiety; trait anxiety was not related to cortisol reactivity (p=.56) nor did it significantly change the association between uncertainty and 
repeated cortisol: F=6.2, p<.001. Detailed results concerning these analyses can be obtained from the first author.  
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association with heightened reactivity of the HPA axis when confronted with an acute 
psychosocial stressor. In contrast, the SNS in terms of blood pressure remained unaffected, 
both at baseline and in response to stress.  
How do these results relate to the toughening concept? They provide partial support 
in that cortisol reactivity is higher among people with comparatively high role uncertainty, 
which is what the toughening model would predict. They also provide partial support in that 
blood pressure does not react the same way; however, the toughening concept would have 
predicted a hypo-response, that is, a weaker blood pressure response in participants 
comparatively high, as compared to low, in role uncertainty. We did not obtain this hypo-
reactivity, disconfirming this aspect of the toughening model, and thus our Hypothesis 2, 
which was based on that model.  
Although we were not specifically concerned with recovery, we did find slower 
recovery for cortisol, which is in line with Ganster and Schaubroeck (1993) as well as with 
earlier research by Frankenhaeuser and Johannson (1986). This finding is especially 
important in light of the increasing awareness that recovery might play a crucial role in the 
development of health impairments due to stress (Geurts & Sonnentag, 2006).  
There are several ways to explain the results concerning blood pressure, all of which 
must, however, remain speculative. A methodological explanation would simply refer to 
our small sample and the corresponding lack of power and greater sampling error. A more 
substantive explanation would suggest that the HPA and SNS systems differ in their ability 
to habituate or learn. Some support for this explanation comes from findings suggesting that 
the HPA axis is more sensitive to learning effects (Schommer, Hellhammer, & Kirschbaum, 
2003). One may speculate that the background stress due to role uncertainty may interact 
with the stress-inducing elements of the TSST-situation in potentiating HPA axis reactivity; 
thereby, uncertainty may create a state of learned enhanced sensitization of HPA axis 
activation. Consequently, HPA axis reactivity following stress would be enhanced in 
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persons with higher uncertainty scores. Such learning effects are not found for the SNS, as 
shown by findings that it does not habituate to repeated stress exposition (Schommer, et al., 
2003), at least as long as the system is not too exhausted to react normally (Wirtz, et al., 
2008). Thus, the SNS might remain unaffected by potential learning effects due to relatively 
moderate uncertainty background stress; this may prevent the SNS from learned 
sensitization effects when stimulated. 
Regardless of whether our attempts at explaining these results can be held up, 
however, we hasten to add that they are unlikely to hold for HPA and SNS reactivity 
regardless of the stressors involved and the length of time people have been exposed to 
these stressors. For both systems, there is so much empirical support for both hyper- and 
hypo-reactivity (Chida & Hamer, 2008; Hamer, et al., 2006; Siegrist, et al., 1997; Wirtz, et 
al., 2008) that it seems inevitable to conclude that moderators must be present. One such 
moderator is time, as many authors agree that both systems are likely to show hypo-
reactivity when stress has accumulated to such an extent that the systems get exhausted 
(Siegrist, et al., 1997). As we have no information about the length of time our participants 
had been exposed to role uncertainty, we cannot deal with time in the context of our study. 
However, one can assume that the two-stage model would require a long-term exposure to 
stress that exceeds a minimal threshold. Given the rather low values of role uncertainty, it 
seems unlikely that our participants would have reached this stage, which would make 
hyper-, rather than hypo-reactivity, more likely in our study. Our results therefore indicate a 
response that is somewhat compromised, but not to the extent that the system has become 
unable to respond.  
Another moderator concerns the nature of the stressors involved. As outlined in the 
introduction, role uncertainty is especially pertinent with regard to the HPA axis. Mason has 
emphasized already in 1968 that the HPA axis is activated in situations that are novel, 
ambiguous, and unpredictable, that include ego-involvement, or anticipation of negative 
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consequences. Dickerson and Kemeny (2004) found that stressors are most likely to elicit 
increased cortisol responses if they involve a social-evaluative threat and/or if they are 
uncontrollable. These characteristics apply both to our acute stressor and to the background 
stressor of role uncertainty. Thus, we would not claim that our results are generalizable to 
other stressors with different qualities; this conclusion is strengthened by our findings 
regarding time pressure. Controlling for time pressure, which is correlated with role 
uncertainty (see Table 1) does not weaken our results, as one would expect if time pressure 
had a similar association with HPA reactivity as role uncertainty does; to the contrary, 
controlling for time pressure actually strengthens our results, suggesting that time pressure 
contains variance that is associated with HPA reactivity in the opposite way; partialling out 
time pressures removes that part of the variance from the role uncertainty measure, making 
the specific effect of role uncertainty even clearer. These results suggest that role 
uncertainty has specific qualities as a stressor, which are responsible for the reactivity-
enhancing effect we found. Note that social-evaluative threat and low controllability 
characterize both the TSST and role uncertainty; thus, we combined an acute stressor and a 
background stressor representing a “match” with regard to these characteristics, and our 
expectation that such a match would be especially promising (cf. Dickerson & Kemeny, 
2004) was born out. Future studies should try to more systematically test background 
stressors with various characteristics in order to establish to what extent a match in which 
kinds of characteristics is necessary to obtain results like ours.  
What do our results imply with regard to the role stress model? First, uncertainty as 
the common element of role ambiguity and role conflict should receive more interest. It has 
long been noted that role ambiguity and role conflict are not only associated with one another 
but also tend to show similar associations with other variables (King & King, 1990). The role 
of uncertainty in the stress process has been emphasized repeatedly by experts in the field 
(e.g., Beehr, 1998), not least with regard to its effects on HPA responsivity (Mason, 1975), 
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and role uncertainty seems to represent an important part of uncertainty in the work context 
(cf. Garst et al, 2000; Widmer et al, 2012).  
Second, the role stress model should receive more attention in studies on work stress 
and health. As mentioned in the introduction, there have been some studies relating role 
ambiguity and/or role conflict to cardiovascular disease or its precursors (cf. Cooper & 
Marshall, 1976; Dana & Griffin, 1999; House, 1974; Howard, Cunningham, & Rechnitzer, 
1986). At the same time, interest in the role stress model seems to have diminished over the 
years, and recent reviews of stress and illness do not devote much attention to it. One of the 
consequences of this diminishing interest may be that studies investigating potential effects of 
work stressors on SAM or HPA stress reactivity have not included role uncertainty as a 
potential background stressor. To the extent that changes in reactivity to stressors offer a 
window into the processes involved in “transforming” stress exposure into illness, our results 
suggest that role uncertainty may play an important role in these processes. We therefore feel 
that the waning interest in role ambiguity and role conflict is unfortunate, and that future 
research on occupational stress and (cardiovascular) health should consider role uncertainty to 
a greater extent. Obviously, the specific contribution of role uncertainty as a background 
stressor can only be assessed if compared to that of other stressors in addition to those we 
controlled for. Other uncertainty-related stressors, such as job insecurity, but also additional 
stressors such as social conflict, might be candidates for such investigations. Our results 
suggest that such investigations might well be worthwhile.  
Strengths and Limitations 
Strengths of our study are that we employed a highly potent standardized stress test, 
and that we used a background stressor that refers to uncertainty, and therefore should be 
especially likely to activate the HPA axis, according to the criteria advanced by Mason 
(Mason, 1968, 1975). Moreover, we used a multimethod approach by combining 
assessment of subjective self-report data with objective physiological data thus ruling out a 
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potential common-method bias. We also controlled for a variety of known and potential 
confounders to rule out a potential confounding influence on the measured parameters. 
Finally, since our uncertainty measure refers to more chronic conditions at work and was 
assessed before we acutely induced physiological stress reactivity, our study design may 
support the conclusion that it is uncertainty that likely causes heightened physiological 
stress reactivity rather than vice versa.  
Limitations of our study include the cross-sectional nature of our findings, which 
cannot prove the sequence of events as outlined above, although, as argued above, it seems 
quite unlikely that heightened cortisol stress reactivity increased role uncertainty. However, 
the causality of the observed associations and their potential dependence on an unmeasured 
third variable remain to be tested in prospective analyses. Moreover, our sample size was 
relatively small and included, due to methodological constraints, only men. Thus, our 
findings may not be generalizable to women. Furthermore, it is possible that our sample 
size was insufficient to detect effects of smaller effect size e.g. for blood pressure stress 
reactivity. Also, we may have missed the blood pressure reactivity peak as we measured 
blood pressure after but not during stress. Future studies should replicate these findings in 
larger sample sizes investigating both sexes. In addition, internal consistency for the 
uncertainty and overcommitment measures are relatively low as compared to larger scale 
studies (Semmer, et al., 1995; Siegrist, et al., 2004). This might relate to the small sample 
size, and for role uncertainty also to the fact that this measure is composed of 3 items only; 
Cronbach’s alpha strongly depends on the number of items (Cortina, 1993); from that 
perspective, a value of just below the conventional .70 does not seem overly disconcerting 
(Schmitt, 1996).  
In sum, although many questions remain, our results underscore the potential 
occurrence of HPA-dysregulation when faced with chronic exposure to stress at work, and 
the occurrence of hyper-reactivity when this stress is due to role uncertainty, even at a 
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relatively mild intensity. It may well be that the uncertainty induced by this specific type of 
stressor is an element that is especially likely to trigger rather strong physiological reactions 
(cf. Beehr’s emphasis on uncertainty as an important element in organizational stress, 
(Beehr, 1998). This issue deserves further attention in future research. Moreover, future 
studies in occupational settings are needed to determine potential implications of our 
findings with respect to organizational interventions. For instance, research should evaluate 
psychobiological health consequences of interventions intended to reduce existing role 
stress, e.g. by role clarification trainings (Ganster & Schaubroeck, 1991; Schaubroeck, 
Ganster, Sime, & Ditman, 1993).  
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Legend to Figure 1 
Values are means±SEM. We calculated general linear models with repeated measures 
of cortisol as dependent variables and role uncertainty as continuous independent variable 
while controlling for age, BMI, and MAP. Higher uncertainty scores were associated with 
higher cortisol stress reactivity (interaction group-by-stress: p = 0.016), particularly when 
additionally controlling for psychological confounders stress appraisal, overcommitment, 
perfectionism, and time pressure (p < .001). For illustrative purposes we categorized the study 
subjects into quartiles based on their uncertainty scores with lowest uncertainty in quartile 1 
and highest uncertainty in quartile 4 while controlling for the full set of covariates  (Figure 1).  
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Figure 1. Cortisol reactivity to psychosocial stress (TSST) in subjects with lower and 
higher scores for role uncertainty at work.  
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Table 1. Sociodemographic, Medical, and Psychological Characteristics of the 
Study Subjects  
  Mean / % SEM  Range / N 
Age [years] 44.5  2.0 22-65 
Body mass index [kg/m2] 25.7 0.4 20.7-33.9 
Mean arterial blood pressure, MAP 
[mmHg] 
101.1 1.8 78.5 – 128.7 
High school degree  
(Swiss “Matura” or 
“Fachhochschulreife”) [% (N)] 
51.2  22 
Weekly work time [hours] 46.7 2.1 16 - 88 
Role Uncertainty [score] 1.96  0.11 1 – 3.67 
Overcommitment [OC-score] 17.83  3.32 12 – 29 
Perfectionism [CMD score] 28.60  1.23 13 – 51 
Stress appraisal [PASA score] 2.28 0.37 -3 – 6.75 
Time pressure [score] 2.91 0.16 1 – 4.5 
N: number of observed cases; SEM: standard error of mean  
 
Table 2. Correlation matrix  
 Variables UN age BMI MAP OC TP Perf PASA Cort1 Cort2 Cort3 Cort4 Cort5 Cort6 Cort7 Cort8 BPS1 BPS2 BPS3 BPS4 BPD1 BPD2 BPD3 UN 1                       Age -64** 1                      BMI -.33* .41* 1                     MAP -.19 .36* .43** 1                    OC -.13 .39* -.01 -.10 1                   TP .43** -.21 .06 .03 .34* 1                  Perf .23 .07 -.19 -.07 .37* -.04 1                 PASA -.22 .32* -08 -.04 .30+ .02 .22 1                Cort1 -.22 -.05 -.05 .07 -.15 -.15 -.30+ .25 1               Cort2 .11 -.04 .04 .11 -.25 -.27 -.10 -.20 .37* 1              Cort3 .06 .20 .26+ .26+ -.25 -.33* .03 -.39* -.05 .72** 1             Cort4 .04 .28+ .22 .27+ -.10 -.27+ .19 -.32* -.10 .58** .93** 1            Cort5 -.03 .29+ .29+ .30+ -.06 -.26 .16 -.26+ .00 .58** .86** .94** 1           Cort6 -.01 .17 .26 .25 -.16 -.24 .13 -.31* .02 .59** .79** .86** .91** 1          Cort7 -.01 .16 .26 .30+ -.18 -.24 .11 -.22 .06 .68** .75** .83** .89** .95** 1         Cort8 -.09 .23 .32* .30+ -.13 -.26+ .09 -.22 .13 .65** .80** .86** .95** .92** .92** 1        BPS1 -.16 .32* .51** .90** -.11 .11 -.17 -.10 .10 .06 .28+ .27+ .29+ .22 .330+ .28+ 1       BPS2 -.12 .26+ .36* .75** -.13 .10 -.22 -.07 -.01 .04 .24 .24 .19 .16 .19 .16 .70** 1      BPS3 -.04 .35* .33* .85** .02 .11 -.08 .01 .02 .14 .29+ .30+ .30+ .23 .20 .27+ .81** .66** 1     BPS4 -.19 .30* .18 .83** -.16 -.04 -.02 -.18 -.03 .13 .32* .37* .37* .35* .33* .36* .72** .66** .75** 1    BPD1 -.07 .18 .25 .84** -.13 .07 -.06 -.01 .21 .14 .25 .25 .30+ .19 .28+ .30+ .78** .51** .68** .61** 1   BPD2 -.02 .31* .18 .78** .-04 .04 .10 .06 .08 .11 .30+ .33* .36* .27+ .30+ .31* .71** .65** .68** .62** .67** 1  BPD3 -.22 .36* .25 .83** -.12 -.10 .06 .06 .14 .04 .27 .28+ .28+ .18 .18 .24 .70** .65** .73** .71** .80** .82** 1 BPD4 -.21 .39* .27+ .77** .02 .04 -.03 .13 .05 -.03 .09 .16 .19 .08 .11 .17 .65** .54** .65** .51** .74** .62** .75**  UN: role uncertainty; BMI: Body Mass Index; MAP: mean arterial blood pressure; OC: overcommitment; TP: time pressure at work; Perf: perfectionism; PASA: Stress appraisal; Cort: cortisol level; BPS: systolic blood pressure; BPD: diastolic blood pressure; **: significance level p<.01; *: significance level p<.05; +: significance level p<.10. 
 
 
 
Table 3. General linear model results of the interaction between role uncertainty 
and cortisol stress reactivity over time 
  F p Eta 
square 
 f 
Confounder Set 1 
          Age [years] 
 
3.81 
(6.59) 
 
.018 
(<.001) 
 
.10 
(.20) 
 
.33 
(.49) 
          Body mass index [kg/m2] .88 
(.67) 
.44 
(.61) 
.02 
(.02) 
.16 
(.16) 
         Mean arterial blood pressure,    
         MAP [mmHg] 
.46 
(.31) 
.67 
(.87) 
.01 
(.01) 
.11 
(.11) 
Confounder Set 2     
         Overcommitment [OC-score] (.22) .(86) .(01) (.09) 
         Perfectionism [CMD score] (1.67)  (.16) (.06) (.25) 
         Stress appraisal [PASA score] (9.10) (<.001) (.25) .(58) 
         Time pressure [score] (2.20) (.08) (.08) (.28) 
Role Uncertainty [score] 3.94 
(6.57) 
.016 
(<.001) 
.10 
(.20) 
.33 
(.49) 
Results without parentheses represent results of the general linear model controlling for 
confounder set 1. Results in parentheses represent results of the model controlling for both 
sets of confounders. 
 
